Introduction {#S0001}
============

According to WHO，Gastric cancer (GC) is one of the most prevalent malignant diseases and a leading cause of cancer-related death worldwide.[@CIT0001] In recent years, despite some significant advances have been obtained in surgery, chemotherapy and radiotherapy, the mortality of GC still increases in China and the overall 5-year survival rate remains very low.[@CIT0002] Therefore, it is necessary to investigate the molecular mechanisms underlying the development and progression of GC and to develop new therapeutic strategies to prevent GC metastasis.

TRIP6 is a 476aa protein that belongs to the zyxin family and focal adhesion molecule.[@CIT0003] TRIP6 links with many of molecules from the cell surface to the nucleus, and functions as a platform for the recruitment of a number of molecules related to actin assembly, cell motility, antiapoptotic signaling, and transcriptional regulation.[@CIT0004] Moreover, TRIP6 is involved in crucial cellular processes, including cell proliferation, differentiation and survival. Increasing numbers of studies showed that TRIP6 was dysregulated in various cancers and might have vital roles in cancerous initiation, proliferation and metastasis.[@CIT0005] Subsequently, TRIP6 was reported in several cancers. For example, TRIP6 exhibited crucial regulatory effects on cell migration behavior of glioblastoma,[@CIT0006] ovarian cancer,[@CIT0007] lung cancer,[@CIT0008] breast cancer[@CIT0009] and colon cancer[@CIT0010] However, there has not been research reporting the expression and functions of TRIP6 in GC.

Based on our present study, we showed that TRIP6 expression was upregulated in GC cells and tissues, and overexpression of TRIP6 promoted, while knockdown of TRIP6 inhibited, the growth and tumorigenesis of GC. Finally, our reports suggest that TRIP6 may be a potential therapeutic target for patients with GC.

Materials and methods {#S0002}
=====================

Tissue samples {#S0002-S2001}
--------------

We collected paraffin-embedded 136 tissue samples from GC patients who underwent surgical resection at the Affiliated Hospital of Nantong University between January 2008 and December 2011. No patients received prior radiotherapy or chemotherapy. Fresh samples were obtained randomly from 26 GC patients and frozen at −80 °C until required for western blot and qPCR analysis. Written informed consent was obtained from each patient. The present study was approved by the Institutional Ethics Board of Affiliated Hospital of Nantong University, and was conducted in accordance with the Declaration of Helsinki.

RNA extraction and quantitative real-time PCR {#S0002-S2002}
---------------------------------------------

Total RNA was extracted from tissues and cell lines lysate using Trizol (Invitrogen, Carlsbad, CA). Then cDNA was synthesized from total RNA using an Omniscript RT kit (Qiagen, Valencia, CA). qPCR was conducted on the Mastercycler Ep Realplex (Eppendorf 2S, Hamburg, Germany). The cycling procedures: preliminary denaturation at 96 °C for 2 min, followed by 40 cycles of denaturation at 96 °C for 15 s, annealing at 60 °C for 1 min and extension at 60 °C for 1 min. GAPDH was selected for normalization. The expression levels of each circulating target gene are expressed as the threshold cycle (Ct) values, and duplicate Ct values were analyzed by using a 2**^−^**^ΔΔCt^ relative quantification. All reactions were run in triplicate. The sequences of the primers for TRIP6 as follows: TRIP6 forward: 5ʹ-GGCTGTTACAAGTGCGAGGAGT-3ʹ; TRIP6 reverse: 5ʹ-GGATGGGAACTGGAACTGAGAAC-3ʹ.

Protein extraction and western blot analysis {#S0002-S2003}
--------------------------------------------

Protein was extracted from tissues and cells using RIPA buffer. After centrifugation at 12,000 rpm for 20 min, the supernatant was collected for measure of total protein concentration by DC-protein assay (Bio-Rad) to keep the same loads. Protein samples were electrophoretically separated on a 10% SDS-PAGE, and transferred to a PVDF membrane. After blocking with 5% non-fat dry milk in TBST buffer, the membrane was incubated with Rabbit polyclonal anti-human TRIP6 antibody (1:500, ab137478, Abcam, Cambridge, UK) at 4 °C overnight. The membranes were washed three times with TBST buffer for 5 min, and then incubated with secondary antibody, anti-rabbit IgG conjugated IRDye800 (1:5000, Rockland Gilbertsville, CA) at room temperature for 2 h. Finally, membranes were scanned with an Odyssey infrared imaging system (LI-COR, Lincoln, NE), and analyzed with PDQuest7.2.0 software (Bio-Rad).

Immunohistochemistry (IHC) analysis {#S0002-S2004}
-----------------------------------

Briefly, core tissue biopsies (2 mm in diameter) were derived from individual paraffin-embedded sections and arranged in recipient paraffin blocks. TMA specimens were cut into 4 μm sections and put on super frost-charged glass microscope slides. TMA analysis was used as a quality control for hematoxylin and eosin staining. Tissue sections were deparaffinized and rehydrated in graded ethanol. Antigen retrieval was performed by boiling sections in ethylene diaminetetra-acetic acid buffer, pH 6.0, for 3 min in a pressure cooker. Endogenous peroxidase activity was quenched with 3% hydrogen peroxide for 30 min. TMA slides were stained using Rabbit polyclonal anti-TRIP6 antibody (1:200, ab137478, Abcam, Cambridge, UK) at 4 °C overnight. Then by incubation with a horseradish-peroxidase-conjugated anti-rabbit secondary antibody (Sigma-Aldrich, St. Louis, MO, USA) at 37 °C for 30 min. Slides were then processed using horseradish peroxidase and 3,3-diaminobenzidine chromogen solution and counterstained with hematoxylin. The evaluation of TRIP6 expression was based on both the staining intensity and the percentage of cells at that intensity. According to traditional semiquantitative pathology scoring, staining intensity was scored as follows: 0 (−, no staining), 1 (+, weak staining), 2 (++, moderate staining), or 3 (+++, intense staining). The percentage of cells stained at intensity was determined and multiplied by the intensity score to generate an intensity percentage score. The final staining score of each tissue sample was the sum of the four intensity percentage scores, and these scores ranged from 0 (no staining) to 300 (100% of cells with +++ staining intensity).

Cell culture and transfection {#S0002-S2005}
-----------------------------

The normal gastric epithelial cell line, GES-1, and the human GC cell lines, MKN45, SGC7901, BGC823, AGS and MKN28 were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). All cell lines were cultured in DMEM or RPMI-1640 Medium (Gibco) supplemented with 10% fetal bovine serum (FBS; Invitrogen), at 37 °C in a humidified atmosphere with 5% CO~2~.

For overexpression of endogenous TRIP6, the coding sequence of TRIP6 was amplified and subcloned into the pcDNA3.1(+) vector (Invitrogen, Carlsbad, CA, USA) according to the manufacturer' instructions. BGC823 cells were then transfected with a negative control vector or a TRIP6 expressing plasmid using lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). To effectively reduce endogenous TRIP6 expression in cells, siRNA duplex oligonucleotides targeting human TRIP6 mRNA (si-TRIP6) was obtained from GenePharma (Shanghai, China). The sequence was: si-TRIP6 sense: 5′-GUAUGACUUUGUCACCAAAUG-3′, Anti-sense: 5′-UUUGGUGACAAAGUCAUACAG-3′. The sequence for scrambled siRNA sense was 5′-GCCUCAAGAUCAUCAGCAAUG-3′, Anti-sense: 5′-UUGCUGAUGAUCUUGAGGCUG-3′. MKN45 cells were transfected with si-TRIP6 or scramble siRNA according to the manufacturer's instructions.

Cell proliferation assay {#S0002-S2006}
------------------------

Cell viability was examined by using MTT assay. All cells were plated in 96-well plates at f 5×10^3^ cells/well for 48 h. After transfection, cells were treated by using MTT dye (5 mg/mL) for 4 h, and then the medium was replaced by 150 ul DMSO. All samples were measured at 490 nm spectrophotometric absorbance. All experiments were performed in triplicate.

Colony formation assay {#S0002-S2007}
----------------------

After transfection, cells (1×10^3^/well) were seeded in a 6-well plate and cultured for 14 days at 37 °C with 5% CO~2~ humidified air. Surviving colonies were stained with 0.1% crystal violet (1 mg/ml) and the numbers of colonies containing more than 50 cells were counted. The experiment was carried out in triplicate wells for three times.

Cell migration assay {#S0002-S2008}
--------------------

According to the manufacturer's instruction, cell migration was measured by using transwell chamber assay (Millipore, Billerica, MA, USA). 5×10^4^ cells were suspended in 200 μl serum-free DMEM medium and plated on the upper chamber of each insert. As the chemotactic factor, 800 μl of DMEM containing 10% FBS was added to the lower chamber. After incubation at 37 °C, the cells that migrated were fixed and stained for 30 min in a dye solution containing 0.2% crystal violet and 20% methanol. The numbers of migrated cells were calculated and photographed under a microscope at 200× magnification in random fields in each well. All experiments were performed three times.

Statistical analysis {#S0002-S2009}
--------------------

Statistical analysis was performed using SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA). All of the data are presented as the mean ± SD. Differences among variables were assessed by χ^2^ analysis, Student's *t*-test or ANOVA. *P*-value \<0.05 was considered to be statistical significance.

Results {#S0003}
=======

TRIP6 is up-regulated in primary GC tissues and cell lines {#S0003-S2001}
----------------------------------------------------------

The protein and mRNA level of TRIP6 in GC tissues and cell lines was examined by qPCR and western blot. In matched primary GC tissues and adjacent non-tumorous tissues, western blot analysis displayed that up-regulation of TRIP6 in tumor tissues compared with adjacent non-tumorous tissues ([Figure 1A](#F0001){ref-type="fig"} and [1B](#F0001){ref-type="fig"}, \**P*\<0.05). And TRIP6 mRNA level was elevated in 30 of 36 tumor tissues compared with that of non-tumorous tissues ([Figure 1C](#F0001){ref-type="fig"}, *P*\<0.001). In addition, western blot analysis revealed that TRIP6 expression levels were higher in GC cell lines than that of GES-1 cell lines ([Figure 1D](#F0001){ref-type="fig"} and [1E](#F0001){ref-type="fig"}). To further confirm this result, real-time PCR analysis confirmed that the level of TRIP6 mRNA was increased in all four GC cell lines ([Figure 1F](#F0001){ref-type="fig"}).Figure 1TRIP6 is up-regulated in GC tissues and cell lines. (**A** and **B**) TRIP6 protein expression levels in matched GC tissues and adjacent non-tumorous tissues (n=24). (**C**) TRIP6 mRNA expression levels in 36 paired GC tissues and adjacent non-tumorous tissue (*P*\<0.001). (**D** and **E**) TRIP6 protein expression levels in four GC cell lines and a normal gastric epithelial cell GES-1. (**F**) TRIP6 mRNA expression levels in GC cell lines and a normal gastric mucosa cell line GES-1. \**P*\<0.05.**Abbreviation:** GC, gastric cancer.

The correlations between TRIP6 expression and various clinicopathological characteristics {#S0003-S2002}
-----------------------------------------------------------------------------------------

TRIP6 expression was determined by TMA-based immunohistochemistry (IHC) studies. Our results found that TRIP6 expression level in GC tissues and adjacent tissues were different, that TRIP6 expression was evidently up-regulated in GC tissues but negative or low in non-tumor normal tissues ([Figure 2](#F0002){ref-type="fig"}). Overall, high TRIP6 expression (TRIP6++ or TRIP6+++) was displayed in 84 of 136 GC tissues (61.8%), while (38.2%) of GC tissues showed low TRIP6 expression (TRIP6− or TRIP6+).Figure 2Representative pattern of TRIP6 expression in GC tissues and adjacent non-cancerous tissue as determined with IHC analysis with tissue microarrays. (**A)** Negative staining in adjacent non-tumor tissues, scored as TRIP6 (−). (**B)** Weak staining in well-differentiated GC tissues, scored as TRIP6 (+). (**C)** Moderate staining in moderately differentiated GC tissues, scored as TRIP6 (++). (**D)** Strong staining in poorly differentiated GC tissues, scored as TRIP6 (+++). Original magnification ×40 or ×400.

Furthermore, the relationship between the degree of TRIP6 immunohistochemical staining and clinicopathological characteristics was evaluated by the chi-squared analysis. Then we showed that the expression level of TRIP6 in cancer tissues was significantly associated with various clinicopathological factors, including TNM stage, histological differentiation, and distance metastasis, but not with gender, age, tumor size, tumor numbers, location ([Table 1](#T0001){ref-type="table"}).Table 1Clinicopathological features of GC in relation to the TRIP6 expressionClinical parametersTotalTRIP6 expression*P*-valueHigh (n=84)Low (n=52)Gender0.430Male795128Female573324Age (years)0.227\<50825428≥50543024Tumor size (cm)0.220\<5714131≥5654321Location0.938Cardia452817Body/antrum915635Lauren classification0.669Diffuse type674324Intestinal type592930Mixed type1064TNM stage0.005\*Stage Ⅰ/Ⅱ763937Stage Ⅲ/Ⅳ604515Differentiation0.030\*Well/ moderate985543Poor38299Lymph node metastasis0.004\*Negative733736Positive634716*H.pylori*infection0.684Negative342212Positive1026240Distant metastasis0.323Negative1247549Positive1293[^2][^3]

TRIP6 promotes GC growth and proliferation in vitro {#S0003-S2003}
---------------------------------------------------

We further investigated the effects of TRIP6 on the cancer cell growth and proliferation by using MTT and colony formation assays. AGS cells were transfected with pcDNA3.1-TRIP6 to overexpress TRIP6 ([Figure 3A](#F0003){ref-type="fig"} and [3B](#F0003){ref-type="fig"}). The results of MTT assay revealed that ectopic expression of TRIP6 obviously stimulated the viability of BGC823 cells ([Figure 3C](#F0003){ref-type="fig"}, \**P*\<0.05). Colony formation assay also showed the numbers of colonies were significantly increased in TRIP6 overexpressing cells compared with control cells ([Figure 4A](#F0004){ref-type="fig"}, \**P*\<0.05). Furthermore, the influence of TRIP6 on cellular growth and proliferation was confirmed after TRIP6 knockdown in MKN45 cells. As indicated in [Figures 3D](#F0003){ref-type="fig"} and [4B](#F0004){ref-type="fig"}, knockdown of TRIP6 distinctly suppressed the growth rate and colony formation ability of MKN45 cells (\**P*\<0.05) compared with that of control cells.Figure 3TRIP6 promotes cell proliferation in GC cells. (**A** and **B**) TRIP6 protein level is up-regulated after over-expression of TRIP6 in BGC823 cells and down-regulated after silencing of TRIP6 in MKN45 cells. (**C** and **D**) MTT assays determined that ectopic expression of TRIP6 promotes cell proliferation in BGC823 cells whereas knockdown of TRIP6 inhibits cell proliferation in MKN45 cells (\**P*\<0.05).Figure 4TRIP6 promotes colony formation and cell migration in GC cells. **(A)** Ectopic expression of TRIP6 stimulates colony formation in BGC823 cells. (**B**) Knockdown of TRIP6 expression inhibits colony formation in MKN45 cells (\**P*\<0.05). **(C**) Transwell assays showed that ectopic expression of TRIP6 promotes cell migration in BGC823 cells. (**D**) Knockdown of TRIP6 expression suppresses cell migration in MKN45 cells (\**P*\<0.05).**Abbreviation:** GC, gastric cancer.

TRIP6 promotes cell migration in vitro {#S0003-S2004}
--------------------------------------

In order to confirm the role of TRIP6 expression in tumorigenesis of GC cells in vivo, we conducted the transwell assays to evaluate the cellular migration. After BGC823 cells were transfected with TRIP6 overexpressing or control plasmid, the migratory abilities were confirmed later. The results indicated ectopic expression of TRIP6 significantly elevated the migratory capacity of BGC823 cells ([Figure 4C](#F0004){ref-type="fig"}, \**P*\<0.05). In contrast, knockdown of TRIP6 significantly decreased the migrated cell number of MKN45 ([Figure 4D](#F0004){ref-type="fig"}, \**P*\<0.05).

The association between TRIP6 expression and patient survival {#S0003-S2005}
-------------------------------------------------------------

To further estimate the prognostic value of TRIP6 in patients with GC, survival analysis of the high and low TRIP6 expression groups was evaluated using kaplan-Meier survival curves and the log-rank test. Compared with the high expression group, patients with low TRIP6 expression exhibited a longer overall survival time (*P*\<0.001; [Figure 5](#F0005){ref-type="fig"}). According to Multivariate Cox regression analysis, it was showed that the expression of TRIP6 was significantly associated with the overall survival time of GC patients ([Table 2](#T0002){ref-type="table"}).Table 2Cox proportional hazards model analysis of prognostic factorsVariablesUnivariate analysisMultivariate analysisHR95% CI*P*-valueHR95% CI*P*-valueTRIP6 expression (High vs Low)0.6250.312--0.9850.003\*0.5210.373--0.8560.019\*Gender (Male vs Female)0.9280.648--1.5520.750------Age (\<50 vs ≥50)1.2170.804--1.9810.823------Tumor size (\<4 cm vs ≥4 cm)1.3580.810--2.1380.479------Location (Cardia vs Body/antrum)1.2860.895--1.8400.149------Differentiation (Poor vs Well/Mod)0.7670.456--1.5720.025\*0.8290.505--1.8150.059Distant metastasis (+ vs −)0.8490.468--1.7720.071------*H.pylori*infection (+ vs −)1.4500.867--2.4820.297------TNM stage (III+IV vs I+II)1.2950.954--1.8590.012\*1.1970.567--1.9370.624Lymph node metastasis (+ vs −)1.0050.746--1.668\<0.001\*0.9280.515--1.7180.073[^4][^5] Figure 5Prognostic significance of TRIP6 expression in GC patients. Kaplan-Meier curves for overall survival in GC patients with low level and high levels of TRIP6 expression (χ^2^=15. 97, *P*\<0.001).**Abbreviation:** GC, gastric cancer.

TRIP6 induces the epithelial-mesenchymal transition (EMT) phenotypes {#S0003-S2006}
--------------------------------------------------------------------

Evidences have revealed that EMT is a dynamic and reversible process during which epithelial cells dissolve their junctions and finally acquire motility and invasiveness,[@CIT0011] which is critical for multiple pathophysiological processes, especially tumorigenesis and progression[@CIT0012] So the expression of EMT markers was examined. E‑cadherin expression was reduced, whereas vimentin expression was upregulated in the TRIP6‑overexpressing cells, as analyzed by western blot. EMT induction was exhibited by a shift from the expression of epithelial markers (E‑cadherin) to mesenchymal markers (vimentin and Snail) ([Figure 6](#F0006){ref-type="fig"}, \**P*\<0.05).Figure 6TRIP6 regulates EMT in vitro. E‑cadherin, Snail and vimentin expression in BCG823 and MKN45 cells transfected with TRIP6 over-expression or vector stable cells were detected by Western blot. \**P*\<0.05.

Discussion {#S0004}
==========

Nowadays, many advanced GC patients have a poor prognosis. Therefore, a better understanding of the molecular mechanisms underlying the development and progression of GC can lead to improve early disease diagnosis and provide more effective therapeutic strategies. In this study, our results found that expression of TRIP6 was higher in GC cells and tissues than in normal gastric mucosa cells and adjacent non-tumorous tissues. We also considered that the potential influence of TRIP6 on tumor cell behavior because of its location on chromosome 7q22 at a region that is often rearranged or deleted in human cancers.[@CIT0013] Several studies have described that knockdown of TRIP6 expression remarkably inhibited migration, invasion, long-term proliferation, and clonogenicity of Ewing sarcoma cells in vitro as well as tumorigenicity in vivo.[@CIT0014] Some reports also found that TRIP6 overexpression and promoted NF-κB activity in glioblastoma are linked with increased cellular invasiveness.[@CIT0015] Furthermore, overexpression of TRIP6 leads to obvious enhancement of nasopharyngeal cancer cell migration.[@CIT0016] Consistently, overexpression of TRIP6 fosters colorectal cancer cell migration and invasion in a Phosphoinositide 3-kinase (PI3K)- and NF-κB-dependent manner.[@CIT0010] In addition, another study found that TRIP6 can reduce cell migration by interfering Cas/Crk signaling.[@CIT0017] TRIP6 also can regulate prosurvival signaling by activating NF-κB, ERK and PI3K/AKT, and nuclear TRIP6 serves as a transcriptional coregulator of AP-1 and NF-κB, which indicates that TRIP6 plays an important part in a point of convergence of multiple signaling pathways critical for tumor progression.[@CIT0006] In the present study, we showed that ectopic expression of TRIP6 enhanced cancer growth, proliferation and migration whereas silencing of TRIP6 inhibited cellular growth, motility and metastasis of GC cells. Furthermore, in keeping with Kaplan-Meier survival, it displayed that high expression of TRIP6 significantly associates with shorter survival time of GC patients. Moreover, multivariate analysis revealed that TRIP6 expression was an independent prognostic indicator of the overall survival rate of patients with GC. Furthermore, our studies have shown that TRIP6 induces EMT phenotypes, and we hypothesized that EMT was essential for promoting migration.

Taken all together, TRIP6 was up-regulated in GC, and aberrant expression of TRIP6 can influence cell growth, proliferation and migration of GC. Hence, inhibitory strategy against TRIP6 might serve as a potential therapeutic target for GC. In addition, further research will be essential to investigate thoroughly the molecular mechanism controlling the function of TRIP6 in GC.
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